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Assessing fluid change in hemodialysis: Whole body versus sum trical conduction by intracellular (ICF) and extracellular
of segmental bioimpedance spectroscopy. fluid (ECF) across ipsilateral limbs and then modeling the
Background. Accurate estimation of extracellular fluid (ECF) raw data according to cell suspension theory to derive theis an important factor in assessing dry weight in hemodialysis
size of fluid compartments [2, 4].patients. Bioimpedance spectroscopy (BIS) is a simple method
to determine the compartmental distribution of body water in Sum of segmental bioimpedance (SBIS) measures the
HD patients. Recent studies have shown that sum of segmental resistances across each body segment and computes the
BIS (SBIS) is less affected by the change of body position and compartmental distribution of fluid in each segment, andmay be more accurate in measuring ECF change than whole
then sums them up to derive the total body fluid compart-body BIS (WBIS). We have compared SBIS and WBIS in esti-
mating change in fluid volume during hemodialysis. ment. Recent studies have shown that SBIS may be more
Methods. Twenty-eight patients (male 10, female 18) were accurate in measuring ECF change than WBIS, as SBIS
studied during their regular hemodialysis. ECF changes esti- is less affected by the change of body position [5–7]. Wemated by both techniques were compared with actual weight
have evaluated both these techniques for their accuracychange during the inter- and intradialytic periods.
in tracking changes in fluid compartments in HD patientsResults. Both techniques tracked fluid changes that correlated
well with fluid loss during the dialysis run (WBIS, r 0.75, P during and between dialysis sessions; and their ability to
0.001; SBIS, r 0.65, P 0.001) and fluid gain in the interdialytic precisely estimate changes in the extracellular fluid (ECF)
period (WBIS, r  0.73, P  0.01; SBIS, r  0.6, P  0.01).
and identify patients at risk for dialysis related morbidity.ECF changes estimated by SBIS and WBIS underestimated
weight loss 0.78  0.01 L and 0.6  0.01 L, respectively; and
underestimated weight gain 0.66  0.18 L and 0.76  0.18 L,
METHODSrespectively.
Conclusions. While both WBIS and SBIS can be used to Patients and dialysis procedures
track relative ECF volume changes in HD patients, they are not
accurate in quantifying changes in ECF volume. More studies Eighteen adult females aged 48 16 years, and 10 adult
are needed to evaluate the benefit of SBIS over WBIS in clinical males aged 46  12 years, on maintenance hemodialysis
practice. at UCSD Medical Center were recruited for this study. All
patients gave their informed consent. Patients were dia-
lyzed for 3.5  0.4 hours three times a week using a poly-
Fluid shifts are commonplace in chronic hemodialysis
sulfone dialyzer and a bicarbonate dialysate with 138
(HD) patients during the intra- and interdialytic periods
mmol/L sodium with a volumetrically controlled Fresen-and are associated with dialysis related complications. Bio-
ius machine. Fluid was removed to achieve a clinicallyimpedance spectroscopy (BIS) is a simple noninvasive
determined dry weight at the end of the treatment. Netmethod of assessing body composition that is being used
ultrafiltrate volume removed was computed for each ses-to determine the compartmental distribution of body wa-
sion (ultrafiltrate volume from the dialysis machine mi-ter in HD patients [1–6]. Whole body BIS (WBIS) mea-
nus fluid intake and fluid replacement). Patient’s heightsures fluid compartments by measuring differences in elec-
was measured with a stadiometer (reproducibility 0.5
cm) and patients were weighed on an electronic floor
Key words: bioimpedance spectroscopy, hemodialysis, chronic hemodi- scale (accuracy 0.1 kg) immediately before and withinalysis, body water, electrical conduction, dialysis related morbidity, hypo-
tension. 10 to 20 minutes after dialysis. Dialysis sessions were
classified as uncomplicated if there was no hypotension
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Table 1. Patient characteristicsness, presyncope, syncope, headache, nausea, vomiting,
abdominal pain or cramps. Patients Male Female Total
Number 10 18 28
Bioimpedance measurements Age year 4612 4817 4715
Height cm 1716 1567 16110A multi-frequency bioimpedance spectroscopy ana-
Body weight kg 8614 5816 6820
lyzer, Xitron 4200 (Xitron Technologies, San Diego, CA, BMI 28.25 22.65.6 24.66
DM % 40 22 28.6USA), was used to measure resistance or impedance at
# Measurement 20 36 5650 frequencies ranging between 5 and 1000 kHz. The Scale weight loss kg 3.431.25 2.390.93 2.650.98
BIS measurements were taken immediately before HD UF removed liters 3.440.95 2.580.83 2.871
Hemodiaysis time hours 3.60.29 3.330.37 3.450.37and about 15 to 20 minutes after HD in two consecutive
% Hypotensive sessions 20 30 26HD sessions. All patients were maintained in the supine Serum albumin mg/dL 3.70.3 3.60.4 3.630.4
position for 5 to 10 minutes before taking any measure-
Data are mean  SD.
ments. WBIS and SBIS measurements were taken with
disposable gel electrodes (7.7  1.9 cm2) placed on the
non-vascular access site [5].
For the SBIS measurement, four sensing gel electrodes (Ess) was calculated as:
were placed on the wrist, the shoulder (acromion), the
Ess  2(E arm  E leg)  E trunk (Eq. 3)upper anterior iliac spine, and the ankle (malleolus),
respectively [5, 8]. Bioimpedance measurements were Statistics
taken by manually changing the connecting cable from
Statistical analysis was performed using SPSS 9.0. Athe device to the sensing electrode in the sequence of
t test for paired observations was used to compare ECFwhole body, upper limb, trunk and lower limb. The dura-
volume estimated by WBIS and SBIS, and to comparetion for the measurement of each segment was 15 sec-
pre- and post-hemodialysis results. Comparisons betweenonds. The duration for a whole cycle of three segmental
two groups were performed by the non-paired Studentand one wrist-to-ankle measurement was one and a half
t test. Comparison of ECF change (estimated by SBISminutes. The measurements were repeated three times
and WBIS methods) and weight change (scale weightand the average value was used for the data analysis.
loss or weight gain) was analyzed by Pearson correlationThe Xitron BIS software was used for obtaining raw im-
and by Bland-Altman analysis. Results are reported aspedance data, storage and analysis of the data.
mean values  SD except where otherwise specified.Whole body bioimpedance spectroscopy derived ECF
volume (Ew) was calculated from wrist-to-ankle ECF re-
sistance (Rw), body weight (M) and body height (H), using RESULTS
equations formulated from Hanai’s theory and software
Patient characteristics and pre- and post-HDprovided by the manufacturer (Xitron) as follows [8]:
bioimpedance measurements
Ew  KECV (H2 M1/2/Rw)2/3 (Eq. 1) Twenty-eight patients were studied in 56 hemodialysis
(HD) sessions. Patient characteristics are presented inwhere KECV is a function of resistivity of the ECF com-
Table 1. The coefficient of variation for the serial mea-partment, body density and body geometry.
surements of extracellular resistance in arm, trunk, legIn SBIS, the body is generally considered as five inter-
segment, sum of all segments and wrist-to-ankle wereconnecting segments or cylinders: two arms, two legs
0.27%, 0.55%, 0.34%, 0.25%, 0.18%, respectively. Theand the trunk. The ECF volume of each body segment
wrist-to-ankle and sum of segmental extracellular resis-(Es) was calculated from the length of the segment (Ls),
tance were not significantly different in either pre- orthe ECF resistance of the segment s (Rs; s  arm, leg or
post-HD BIS measurements. Both pre and post-HD extra-trunk), and the ECF resistivity (ECF  47 · cm) as in
cellular resistances (Recf) in males were significantlythe following formula [7, 8]:
lower than in females (WBIS Recf males vs. females pre-
Es  Ks ECF L2s/Rs (Eq. 2) HD 510  93 vs. 623  117, P  0.01, post-HD 620 
119 vs. 766 126, P 0.01; SBIS males vs. females pre-where Ks is a weighing factor accounting for inhomoge-
HD 512  95 vs. 621  121, P  0.01, post-HD 627 neous distribution of the current in each segment. In the
101 vs. 765  123, P  0.01). Ninety-one percent ofarm and in the leg, the distribution of electrical current
extracellular resistance was located in the extremities,is assumed to be homogeneous, and Ks  1; in the trunk
with only 9% in the trunk. As expected, the post-HDa factor Ks  4 is used for volume calculation in order
Recf increased significantly in all segments. There wasto account for the inhomogeneity of the current in the
trunk [6]. The sum of segmental extracellular volume no gender difference in the contribution of arm, trunk
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Table 2. Extracellular volumes pre- and post-hemodialysis and changes of extracellular fluid volume estimated by
segmental and whole body BIS
Male Female
ECF ECF
Pre-HD Post-HD (%Es/Ess) Pre-HD Post-HD (%Es/Ess)
ECF (L)
Arm (EA) 1.440.27 1.210.23 0.230.01 0.920.19 0.760.16 0.150.01
(%EA/Ess) (9.21.4) (9.11.3) (10.25) (8.61.2) (8.81.1) (9.84)
Trunk(ET) 10.91.7 9.351.49 1.550.27 7.291.6 6.271.55 1.020.37
(%ET/Ess) (69.24.7) (70.24.3) (5917) (695.2) (70.14.9) (5821)
Leg (EL) 3.430.95 2.770.76 0.650.51 2.320.54 1.850.48 0.470.12
(%EL/Ess) (21.64.1) (20.73.7) (30.817) (22.44.9) (21.14.5) (3218)
SBIS (Ess) 15.772.4 13.332.0 2.451 10.492 8.81.7 1.680.7
WBIS (Ew) 20.63.4 17.853.4 2.770.96 13.482.3 11.621.9 1.860.7
P value 0.001 0.001 NS 0.001 0.00 NS
Extracellular fluid (ECF) in body segment “s” (Es); body segment s  A (arm), T (trunk), L (leg); sum of all segments ECF (Ess) and ECF estimated by WBIS
(Ew); %Es/Ess, percent change of ECF volume in each segment to Ess. BIS is bioimpedance spectroscopy.
Table 3. Correlation and mean difference between weight changesand leg segmental resistance change to the total body
and extracellular fluid (ECF) volume changes estimated by
resistance change during dialysis. segmental bioimpedance spectroscopy (SBIS; Ess) and
by whole body BIS (WBIS; Ew)Table 2 summarizes the ECF volume and changes in
ECF volume between pre- and post-HD estimated by the Mean difference
WBIS and SBIS techniques. The arm and leg segments Correlation P value liters  SEE P value
contributed 30% of the total ECF estimated by SBIS, Weight loss (WL)
Ess 	 WL 0.73 0.0001 	0.780.01 0.0001while the trunk contributed 70%. Approximately 59%
Ew 	 WL 0.75 0.0001 	0.600.01 0.0001of the ECF change during HD estimated by SBIS could
Ess 	 Ew 0.75 0.0001 	0.150.01 0.17
be attributed to ECF change in the trunk segment. Weight gain (WG)
Ess 	 WG 0.6 0.004 	0.660.18 0.005
Ew 	 WG 0.65 0.007 	0.760.16 0.005Comparison of extracellular fluid volume estimated by
Ess 	 Ew 0.7 0.001 	0.150.18 0.76WBIS and SBIS
Extracellular fluid volumes computed from SBIS were
significantly lower than WBIS (Table 2). The mean ECF
estimated by WBIS exceeded the ECF volumes estimated between ECF changes estimated by the two techniques
by SBIS by 4 to 5 liters in males and by 3 liters in females, for tracking either weight loss or weight gain (Table 3).
and this difference was similar in both diabetics (post-HD
males 4.1 0.6 L, females 2.5 1.1 L) and non-diabetics Effect of dialysis hypotension on BIS measurements
(post-HD male 4.7  1.7 L, females 2.9  1.2 L; P  Twenty percent and 36% of the HD sessions in males
NS for both males and females from pre-HD values). and females, respectively, were complicated by hypoten-
sion. We compared the change in ECF volume and
BIS tracks fluid change during dialysis and during
weight loss for both techniques in hypotensive and non-
interdialytic period
hypotensive sessions expressed as a ratio of change in
The relationship between scale weight change and net ECF volume to weight loss (ECF/WL). Both tech-
ultrafiltration was close to the line of identity (r  0.96, niques were similar in measuring ECF change during
P  0.0001). Both ECF volume changes estimated by both hypotensive (ECF/WL by SBIS 70  28% vs.
the WBIS and SBIS techniques correlated well with both WBIS 86  34%, P  NS) and non-hypotensive runs
scale weight loss during HD (r  0.75, P  0.001; r  (ECF/WL by SBIS 76  25% vs. WBIS 80  23%,
0.74, P  0.001) and weight gain during the interdialytic PNS); however, both techniques significantly underes-
period (r  0.65, P  0.005; r  0.6, P  0.005, respec- timated weight loss (Fig. 2).
tively). However, ECF volume changes estimated by
both SBIS (Ess) and WBIS (Ew) significantly under-
DISCUSSIONestimated net fluid removal or weight loss (Table 3).
Bland-Altman analysis showed that Ess andEw had a Accurate estimation of dry weight plays an important
role in the correct prescription of the ultrafiltration vol-mean discrepancy with weight loss of 0.78 0.01 (SEE)
and 0.6  0.01 liters, respectively, and a mean discrep- ume for hemodialysis patients and is an important factor
in decreasing dialysis-related morbidity. Several investi-ance with weight gain of 0.66 0.01 and 0.76 0.18 liters,
respectively (Fig. 1). There was no significant difference gators have utilized bioimpedance techniques to quantify
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Fig. 1. Bland-Altman analysis of extracellular fluid (ECF) changes estimated by segmental bioimpedance spectroscopy (SBIS;  Ess) and WBIS
( Ew) techniques compared with scale weight loss (WL) during hemodialysis (A, B) and weight gain (WG) during interdialytic period (C, D).
The spots represent the data, solid line is the mean difference, and the dashed line is 2 SD. A and C denote ECF change as calculated by SBIS,
while B and D are calculated by WBIS. There was no significant difference between the ECF changes estimated by SBIS and by WBIS technique
for tracking either weight loss or weight gain.
of variations in conductivity, by ion shifts, changes of
the peripheral temperature and extracellular fluid redis-
tribution due to postural changes [5–7, 9, 11]. Recent
studies have shown that ECF estimated by SBIS is inde-
pendent of body position and predicts fluid change better
than WBIS [5, 7]; however, direct comparisons of WBIS
and SBIS techniques in HD patients are limited.
Patterson et al reported an improved prediction of
total body water (TBW) change in patients undergoing
hemodialysis using a segmental approach rather than the
wrist-to-ankle technique [12]. Zhu et al have shown that
Fig. 2. Extracellular volume change relative to weight loss by SBIS ( ) ECF estimated by SBIS is independent of body position,
and WBIS () in non-hypotensive and hypotensive hemodialysis runs. and that SBIS predicted fluid change in HD patients
better than WBIS when patients were confined in the
supine or sitting position throughout HD and measure-
ments were taken immediately pre and post-HD [5].total body water and estimate fluid compartment size in
Scharfetter et al demonstrated that a change in positiondialysis patients [1–6, 9]. We have previously shown that
from upright to supine or vice versa affects the ECFthe WBIS technique accurately tracks fluid changes in
measurement markedly in the first two minutes, and isHD patients [10]; however, other investigators have
found that the technique could be subject to the effect followed by a slower ECF change in a monoexponential
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Table 4. Comparison of the percentage of contribution of segmental extracellular resistance (%Rs) to sum of segmental extracellular
resistance (Rss) and the percentage of each segmental ECF volume (%Es) to sum of segmental ECF volume estimated by
SBIS (Ess) in this study to Zhu studya
Immediate post-HDa
20–30 min post-HDbSittinga Supinea
Pre- Post- Pre- Post- Pre- Post-
HD HD Change HD HD Change HD HD Change
%Rs/Rss
Arm 42.9 44.4 52.7 42.1 40.2 29.9 45.3 44.7 40.7
Trunk 8.5 9.6 15.2 9.1 10 14.7 8.9 8.6 6.8
Leg 48.6 46.0 32.1 48.8 49.8 55.4 45.7 46.7 52.5
%Es/Ess
Arm 8.5 8.9 7.3 8.3 9.5 4.3 9.2 9.1 10.2
Trunk 73.3 70.2 83.5 73 71.4 80.9 69.2 70.2 58
Leg 18.2 20.9 9.1 18.7 19.9 14.8 21.6 20.7 30.8
Body segment “s”  arm, trunk, leg.
a Data adapted from Zhu et al (5), ten male patients (age 44  8 years) were studied during two treatments maintaining either a sitting or a supine body position
throughout the treatment with BIS measurements performed immediately pre- and post-HD without an equilibrium phase
b Current study, ten male patients (age 46  12 years) were in recumbent position during treatment with BIS measurements performed in immediately pre-HD
and 20–30 minutes post-HD dialysis after on supine position 5–10 minutes
decay [11]. It is recognized that WBIS measurements We found that while both BIS techniques accurately
immediately post-HD tend to vary considerably, sug- track ECF volume changes in HD patients during the
gesting that some of the differences in WBIS and SBIS intradialytic and interdialytic periods, they cannot pre-
may be related to the timing of post-dialysis measure- cisely quantify ECF change, and both techniques signifi-
ments. cantly underestimated weight loss by net ultrafiltration,
Although the sum of each segment’s extracellular re- and weight gain. Both techniques underestimated ECF
sistance is equal to the total wrist-to-ankle resistance, change during HD in both non-hypotensive and hypo-
WBIS consistently showed a higher estimated ECF vol- tensive runs. This is in contrast to previous studies dem-
ume than SBIS. Several reasons could account for the onstrating a superior performance of SBIS technique
difference in the estimated ECF volumes. First, the SBIS [5]. Possible reasons for the differences in fluid volume
method does not include ECF volume measurement in changes assessed by both techniques include: ‘fixed’ con-
the head, neck, hands and feet. The contribution of these stants in modeling hydric volumes may not account for
segments to ECF volume is approximately 1 liter for a changes in tissue resistivity that occur during HD; differ-
body weight of 70 kg [7]. Although WBIS measures ent methods are used to calculate ECF; and the timing
wrist-to-ankle resistance, ECF volume calculated from of BIS measurement after dialysis may contribute to the
this resistance and the resistivity used in the equation different results in different studies.
(provided by manufacturer’s software) to compute ECF A limitation of our study is that no measurements
volume has been validated with the dilution technique, were performed during dialysis. The optimal time to
which reflects the whole body fluid compartment [8, 13, perform BIS in relation to dialysis is unknown. Timing
14]. Second, orthostatic fluid shifts based on the timing
of BIS measurement ranges from immediate post-HD
of measurement after the subject has been in the supine
to 1.5 hours post-HD [1, 5–7, 15]. When compared withposition is a major factor in the difference. Extracellular
the Zhu study [5], where BIS was measured immediatelyfluid volume estimated by WBIS sharply decreased when
post-HD, the relative change in extracellular resistancethe subject changed from a standing to a supine position
in our patients was less in the trunk segment and higher[11]. The amplitude of the ECF change has been reported
in the leg segment. These changes are not simply ex-as high as 1.5 liters, and no steady state was reached
plained by change in body position alone. Patients in thewithin 30 minutes of the supine observation phase [7, 11].
Zhu study, who were supine and did not change positionFinally, the discrepancy in ECF volume estimation may
throughout HD, still had a higher relative change inbe attributed to the methodologies used to calculate
extracellular resistance and ECF in the trunk segmentECF. ECF estimated by WBIS is based on fitting the
than our patients (Table 4). This may be explained bydata to the Hanai equation, whereas the SBIS technique
continued fluid shifts from the leg segment to the trunkused by Zhu et al [5–7] derived the ECF volume based
segment at the end of HD. Sequestration of fluid inon affixed resistivity of the ECF (Equations 2 and 3).
poorly perfused body segments could be a contributingThus, it is unclear whether SBIS affords any greater
factor for development of hypotension during dialysisaccuracy in ECF measurement than WBIS in HD pa-
tients. due to a slow refill rate. While our study was not designed
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